To compare the yield of two aerobic and an anaerobic BACTEC blood culture media in detecting bacteremia in ambulatory and hospitalized care settings at a children's hospital, a prospective cohort study was completed. Over an 18-month period, equal blood volumes (minimum of 1 mL/bottle) were inoculated into a three-bottle culture set including aerobic BACTEC NR 6A, aerobic BACTEC PEDS Plus and anaerobic NR 7A broths. Chart reviews were completed on all children with bacteremia to determine whether the isolate was clinically significant based on predefined criteria. Among 5328 evaluable blood culture sets, 323 clinically significant organisms (110 from ambulatory and 213 from hospitalized children) were isolated. Most Streptococcus pneumoniae, Haemophilus species, and Neisseria or Moraxella species were recovered from children attending the emergency department or out-patient clinics. Important isolates in hospitalized children included most of the staphylococci and Enterobacteriaceae, and all group D enterococci, Gram-negative nonfermentative bacilli and all Candida species. Overall, significantly more isolates were detected only in the anaerobic bottle from ambulatory children (P<0.0001), including 13 of 54 (24%) patients with S pneumoniae bacteremias presenting to the emergency department. This study indicated that different BACTEC blood culture media combinations are needed in ambulatory and hospitalized pediatric care settings to ensure the optimal recovery of all types of isolates. Whereas aerobic blood culture bottles are adequate for detection of bacteremia in hospitalized children, the common occurrence of fastidious organisms mandates the need for a combined aerobic/anaerobic culture set in ambulatory pediatric care settings.
B
acteremic illness in children must be rapidly diagnosed by culturing blood. Optimal detection of pediatric bacteremia by a laboratory must address the need to recover a much broader range of pathogens than are generally found in adults. In addition to all of the major pathogens normally recovered from hospitalized patient populations, ambulatory children are also more often infected with fastidious pathogens such as Streptococcus pneumonias, Haemophilus influenzas and Neisseria meningitidis (1) . The total blood volume that safely and feasibly can be obtained from young children in a single phlebotomy effort is also much less than that which can be taken from an adult, ie, in most cases, 1 to 1.5 mL per bottle is inoculated into a pediatric blood culture versus up to 10 mL per bottle for adults.
To enhance the detection of bacteremia, it has been routine practice for clinical microbiology laboratories servicing children to draw a paired blood culture set including an aerobic plus an anaerobic media (2) . This policy has recently been challenged by several pediatric studies that have recommended the use of only paired aerobic media with the addition of an anaerobic medium in certain clinical situations (3) (4) (5) . Weisse et al (6) on the other hand recently recommended that a three-bottle draw (paired aerobic plus an anaerobic media) be done for children. However, none of these studies distinguished between the recovery of bacteremic isolates from ambulatory children in whom fastidious pathogens are frequently recovered versus those who had been hospitalized.
Although children have a low incidence of significant anaerobic infection (2) (3) (4) (5) (6) (7) , the role of the anaerobic media for the enhanced isolation of fastidious organisms needed to be clarified. Previous experience at our hospital suggested that many clinically significant S pneumoniae cases were only being recovered in the anaerobic blood culture bottle. A prospective cohort blood culture study was performed to compare the yield of different bacteremia pathogens from ambulatory and hospitalized children from two aerobic and one anaerobic blood culture media.
PATIENTS AND METHODS

Patient population:
The Alberta Children's Hospital is a tertiary regional referral centre in Calgary, Alberta, which is affiliated with the Faculty of Medicine, University of Calgary. It is the western Canadian site for pediatric bone marrow transplantation. The hospital serves a population base of 1.2 million people, seeing children referred from southern Alberta, southeastern British Columbia and southwestern Saskatchewan. In an average year, approximately 6700 children are hospitalized, 36,000 children are seen through the emergency department and another 60,000 children visit various subspecialty clinics and physicians' offices. All children having blood drawn for culture between March 1, 1992 and August 31, 1993 were enrolled in this study. The study was approved by the Conjoint Medical Ethics Committee of the University of Calgary. Blood samples: Blood was drawn from pediatric patients with suspected bacteremia by a trained phlebotomy team. A total of 3 to 5 mL of blood were drawn per child, and then 1 to 1.5 mL aliquots were inoculated into each of three blood culture media types. This set comprising conventional BACTEC NR 6A (6A), conventional BACTEC NR 7A (7A) and BACTEC PEDS Plus (PP) (all Becton-Dickinson). Fluid levels in each of the inoculated bottles were assessed to ensure that equivalent volumes of blood had been inoculated into each bottle of the culture set. If fluid levels could not be accurately assessed, inoculated bottles were reweighed and the preinoculated weight was subtracted from the total inoculated bottle weight. Blood culture media: 6A is a 30 mL nonresinated aerobic soybean-casein digest broth base containing 0.035% sodium polyanethole sulphonate (SPS). 7A is also a 30 mL nonresinated media with a similar SPS concentration, but the medium is prereduced and the atmosphere in the bottle is anaerobic. PP broth is composed of a conventional aerobic 6A soybeancasein digest broth base, modified by inclusion of nonionic absorbing resins, cationic exchange resins and 0.06% yeast extract. In addition, the concentration of SPS is decreased from 0.035 to 0.025%, and the broth volume is 10 mL. Laboratory blood culture protocol: The BACTEC NR 730 automated blood culture system (Becton-Dickinson, Maryland) was used for this study. All blood culture bottles were incubated at 35 to 37 o C for up to seven days, with shaking during the first 48 h. During this time, the vials were examined visually and tested twice (once in the morning and again in the afternoon). Thereafter, they were examined and tested on a daily basis. Any bottle showing visible growth (ie, hemolysis, turbidity or excess gas production causing the vial septum to bulge) was not read on the instrument, but investigated immediately as a positive culture. In accordance with the manufacturer's instructions, all bottles showing positive growth values on the BACTEC were immediately removed for further testing. Growth values set for the instrument for aerobic (6A or PP bottles) and anaerobic (7A) blood culture bottles were 20 units or more. A positive culture was also indicated by an increase in the growth value of 10 or more between consecutive readings for all bottle types. If one or more of the bottles (6A + 7A, 6A + PP, PP + 7A) in a set became positive either visually or by an increased growth value, all of the other bottles in the set were also tested (Gram stain and/or acridine orange stain plus subculturing to plates). After testing, any detected and confirmed positive vials were removed from the system, and all other bottles were returned to the incubator for further reading. The first bottle(s) to become positive was recorded. Only blood cultures from children suspected by their attending physician of having osteomyelitis, endocarditis or fungemia were read daily for an extended time period (ie, minimum of 14 days) before being reported as negative. Terminal Gram and/or acridine orange stains were done on all blood cultures. Compliant sets: Compliant blood culture sets that qualified for evaluation included sets where all of the three bottles were inoculated, sets where equivalent blood volumes had been inoculated in each bottle as outlined above (see Patients and Methods -Blood samples), and sets that were handled strictly according to the laboratory protocol. Definition of clinically significant isolates: Chart reviews on all children with positive blood cultures were completed by one investigator to determine whether the isolate was clinically significant. Ambulatory children were defined as out-patients and those attending the emergency department. Hospitalized children were defined as those who had been admitted to the hospital for at least 24 h. Clinically significant isolates fulfilled at least one of the following criteria: clinical signs and symptoms of infection (ie, one of fever, elevated peripheral white blood cell count or left shift), or a confirmed site or source of infection; a significant pathogen isolated from any of the three blood culture bottles; the same organism isolated from two or more bottles in a given blood culture set; or the same organism isolated in one or more bottles from more than one blood culture set. The most common blood culture contaminants included coagulase negative staphylococci, Streptococcus viridans and Bacillus species (see Results), with all other isolates being deemed significant pathogens. All antibiotics prescribed at the time that the blood cultures were drawn were also recorded. Statistical analysis: Blood culture data were entered into a blood culture database program (Becton-Dickinson) to obtain descriptive data (ie, summary report, recovery report, etc). To avoid bias due to multiple comparisons, a statistical test was performed on only the overall difference between isolates recovered in the ambulatory and hospitalized settings. The 95% confidence interval for the difference in group proportions (delta) was calculated using the binomial distribution. Statistical significance was P<0.05. The normal approximation to the binomial distribution was used for calculating the 95% confidence interval for single proportions.
RESULTS
Evaluable sets of blood cultures: Among 6118 sets of blood cultures submitted to the laboratory, 5328 (87%) sets were evaluated. Thirteen per cent of the total number of sets (790 of 6118) enrolled were excluded because they did not meet the compliant set criteria. The overall rate of recovery (49 of 790, 6.2%) of clinically significant bacteremia isolates in the discarded blood culture sets was similar to that of isolates included in the study. Of the compliant sets, 1864 of 5328 (35%) were drawn from ambulatory children compared with 3464 of 5328 (65%) from hospitalized children. A total of 407 of 5328 (8%) of the sets were culture positive. However, after a review of the individual children's records, 84 (1.6%) isolates were not . This left a total of 323 evaluable, clinically significant isolates, which had been recovered from 258 children (ie, 65 children had two or more positive blood culture sets for a single episode of bacteremia). Recovery of clinically significant bacteremia isolates from ambulatory and hospitalized children: Overall, 220 of 323 (68%) clinically significant isolates were recovered simultaneously in one or both aerobic (6A and/or PP) and the anaerobic (7A) media, while another 76 of 323 (24%) were only recovered in one or both of the aerobic media from both ambulatory and hospitalized children. Overall, a paired aerobic bottle set (6A and PP) detected 298 of 323 (92%) of all isolates, with the remaining 25 of 323 (8%) isolates only being recovered in the anaerobic media. Table 1 outlines the recovery of different types of clinically significant bacteremia isolates from ambulatory children. Approximately one-third of all blood culture isolates were recovered from ambulatory children, and the overall positive rate in this setting was 110 sets of the 1864 (6%) drawn. Most fastidious pathogens including almost all of the Staphylococcus pneumoniae, Haemophilus species and Neisseria species isolates were recovered from ambulatory children. Neisseria meningitisis was recovered only from children presenting to the emergency department with a febrile illness or meningitis, and meningococci were the most commonly identified Neisseria species from ambulatory children. Salmonella species infections accounted for one half of the Enterobacteriaceae isolated. Infections caused by other streptococci included three children with invasive group A streptococcal infections as well as two infants with bacteremia due to group B streptococci. The only anaerobic isolates were a Propionibacterium acnes bacteremia in a child with a cerebrospinal fluid shunt site infection who was admitted through the emergency department, and an Actinomyces viscosus isolated from a child with intra-abdominal infection.
Almost one-half of the clinically significant isolates recovered from ambulatory children were simultaneously found in an aerobic (6A and/or PP) medium and the anaerobic (7A) media, while another one-third were only recovered in one or both of the aerobic bottles (Table 1) . However, utilization of only aerobic blood culture media in the ambulatory setting would have missed 18% (20 of 110) of the total number of isolates. Overall, significantly more isolates were detected only in the anaerobic bottle from ambulatory children (20 of 110,18.2%, 95 CI=11.0% to 25.4%) versus hospitalized children (seven of 213, 3.3%, 95% CI=0.9% to 5.7%). This difference between isolation rates in anaerobic bottles alone from ambulatory compared with hospitalized patients (delta = 18.2%-3.3%=14.9%) was highly significant (P<0.0001, 95% CI of delta = 5.8% to 20.4%). This translates into a relative risk of 5.5 (18.2 divided by 3.3) of isolation of an organism from the anaerobic medium alone in the ambulatory setting compared with the in-patient setting. A large proportion of S pneumoniae bacteremias in particular (13 of 54, 124%, 95% CI=12.7% to 35.5%) were detected only in the anaerobic medium among out-patients. In addition, bacteremia would not have been detected in one child with invasive group A streptococcal infection and another child with typhoid fever. Fungi were infrequently isolated from out-patients, with only one Malassezia furfur infection detected.
Although almost twice as many isolates were recovered from hospitalized children, the overall rate of positive blood culture sets of 213 of 3464 (6.2%) was similar to that found for ambulatory children (Table 2 ). However, many more different types of bacterial isolates were recovered, including most coagulase negative staphylococci, S aureus and Enterobacteriaceae, as well as all group D enterococci and Gram-negative bacilli (nonfermentative) and Candida species. Pseudomonas aeruginosa and other Gram-negative nonfermentative bacilli as well as Candida species were mainly found in immunocompromised children (eg, on the oncology ward). Fastidious pathogens (ie, S pneumoniae, Haemophilus species, Neisseria species) were only recovered when a critically ill child was directly admitted to the intensive care unit before blood cultures were drawn. Fungemia aside from Candida species isolates were only found in two children admitted to the oncology ward. Effect of antibiotic therapy: A total of 105 of the isolates were recovered from children who were on either oral or parenteral antibiotic therapy (data not shown). Because all of these children had a single positive blood culture, almost one-half (105 of 258, 41%) of all children with positive culture were on antibiotics when their blood cultures were drawn. Only 40 of 105 (38%) isolates were recovered in both aerobic and the anaerobic media, with another 29 of 105 (28%) detected in two media types (ie, 6A+7A, 6A+PP or PP+7A). Overall, paired aerobic media again recovered most of the isolates (92 of 105, 88%). As a single medium, PP enhanced the recovery of coagulase negative staphylococci and S aureus as well N meningitidis in children already being given antibiotics.
DISCUSSION
Bacteremia is one of the most serious infectious diseases of childhood and may be caused by a wide variety of microorganisms. Although it is well established that different types of bacteremia pathogens are recovered from ambulatory and hospitalized children (1), our large prospective study demonstrates that the use of different types of BACTEC blood culture media is important to optimize the recovery of different etiological agents. Some recently reported pediatric blood culture studies have recommended discontinuing the routine use of anaerobic media, but none of these studies differentiated recovery rates of different pathogens between the ambulatory and hospitalized pediatric care settings (3) (4) (5) . Although our study confirms that children have a very low rate of anaerobic bacteremia (2-7), use of the BACTEC anaerobic media was essential for optimal recovery of S pneumoniae as well as other streptococci and Salmonella species in ambulatory children. Because streptococci and Enterobacteriaceae are facultative organisms, the reduced environment of the BACTEC anaerobic media likely enhances the recovery of organisms in their early growth phase at the time of bottle inoculation. Whether enhanced recovery of these types of bacteria is found in anaerobic media from other blood culture systems (eg, BacT/Alert, Organon-Teknika, North Carolina) must be independently studied.
The total blood volume drawn from a child is also important to the overall recovery rate of isolates from blood cultures as has previously been established in adults (8) (9) (10) . Although our study was not designed to evaluate the role of blood volume, a recent three-bottle pediatric study by Isaacman et al (11) indicates that culturing an increased amount of blood enhances the early recovery of organisms. This study also demonstrated that use of the anaerobic media increased the yield of pneumococci by as much as 12%. A study by Weisse et al (6) also evaluated a three-bottle blood culture set in a pediatric cohort and found that there was an incremental increase in the recovery of bacteria with the use of single versus multiple bottle sets. Thus, it appears from our study and others that culturing an increased blood volume also affects the overall recovery of not only fastidious organisms such as S pneumoniae, but also a wide range of other isolates. Although increased amounts of blood should be taken from children for blood cultures, the optimal amounts to be taken from infants and children of various ages remains to be determined.
Based on our study and those of others, we recommend that a paired aerobic plus an anaerobic media blood culture set be routinely drawn from ambulatory children to optimize the recovery of S pneumoniae and other facultative and/or fastidious pathogens. Because of the frequent use of antibiotics in febrile young children presenting to ambulatory settings (2) (almost half in our study), PP or other media with nonionic absorbing resins should be the aerobic medium of choice. For hospitalized children, our data support the use of a paired aerobic media set without routinely using an anaerobic medium. However, to make the diagnosis of pediatric bacteremia as cost effective as possible, a study comparing the recovery of different bacteremia pathogens in hospitalized children after inoculation of a standardized amount of blood into a paired aerobic media set and inoculation of the entire amount of blood into a single 'higher' volume aerobic bottle should be completed. Evaluations also need to be undertaken to establish the optimal amount of blood that should be drawn from children of different ages, including neonates, to optimize the recovery of pediatric bacteremia isolates.
CONCLUSIONS
In hospitalized children, a paired aerobic BACTEC blood culture media set (eg, PP and 6A) yields most of the significant pathogens and is adequate in the majority of situations. A single large volume aerobic bottle may also be equivalent but needs to be evaluated (11) . The role of the anaerobic media (7A) should be reserved for clinical situations suggesting a higher likelihood of bacteremic anaerobic infections according to the guidelines reported by Zaidi et al (5) . For ambulatory children, an anaerobic blood culture medium should be included in the blood culture set to optimize the recovery of fastidious pathogens such as S pneumoniae.
